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THE PURPOSE AND SIGNIFICANCE OF ULTRATRACE ANALYSIS OF DIBENZO-P- 
DIOXINS: THE CONCEPT OF RISK. L. BroMnlee* and B.R. Hollebone, 
Chemistry Department, Carleton University, Ottawa, Ontario, K1S 
5B6. 



INTRODUCTION 

The ul t imate goal of the tax icology disipl ine is to 
identify, define and respond to the health risks of chemical 
agents. The advent of chemicals in the environment is relat ively 
recent , beginning with the industr ialization of Europe. Since 
the second world war the release of chemicals has increased 
alarmingly, the benefits of these chemicals in short-term growth, 
medical advancements and control of the environment through 
pest ic ides and f er til izers overshadowing any long term negative 
effects. Only in the last 25 years have government agenc ies been 
forced to acknowledge the harmful effects of many industrial 
chemicals . The onus has been on these agenc ies to accumulate the 
data necessary to control the chemical industry. 

Government resources, in both manpower and money have gone 
into environmental moni tor ing and heal th assessment studies i n 
order to def ine the risk of chemical s al ready In the environment . 
Using this knowledge, effective legislation to control future 
chem ical rel ease into the envi ronment has begun only in the last 
decade. Much work is left to be done. 

The health i isk of a chemical can be defined as follows: 

TOTAL RISK - SUM OF ALL EXPOSURES X SUM OF ALL HAZARDS <i> 

in which, Exposure has the units. Dose and Hazard has the units. 
Response/ Dose. Insert ing these units into the equat ion; 



RISK ■ DOSE X RESPONSE / DOSE 



< i i ) 



wh ich has the dimension of a X change in behaviour . Th is is a 
vmry broad equation when cons idered in terms of the tu tal 
envi ronment . The Toxicologist must sift through all the 
variables of this equation to identify the key exposure and 
re'in 1 ting hazard to deter mi ne the u 1 1 imate risk to man. 

i xposure: 

Chemicals are i el eased into the environment by three routes; 
by air through waste emission; on land through application; and 
into water via ef f luent waste. Much of the air and 1 and 
pollution will precipitate or leach into the water system. From 
these primary routes, pollutants move into the human food supply 
through meat , produce and dr ink ing water . Quant ification of 
exposure is an analytical problem. Routine monitoring studies of 
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air, land and Hater identify problem areas and pinpoint sources 
of pollution. Residue studies of plants and animals determine 
the effect these chemicals have on the food chain. These data 
are used to predict the chemical exposure of man. 

A great deal of research into the measurement of exposure 
has been done. Many research groups including our own are 
presenting "state of the art" methodologies at this conference 
that will aid toward better understanding of chemical exposure in 
Canada. Better analytical and monitoring techniques will allow 
better identification of populations that are "at risk" from 
environmental exposure. 



Halar d : 



the 



Two fundamental problems of Risk Assessment are 
determination of at what levels of environmental exposure a 
Mimical becomes a risk and what the c onsequenres uf that risk 
are. This era ninpasses the hazard part of the 



The traditional approach to determining 
chemical is to study the toxic symptoms of laboratory animals at 
the medical levul in response to a particulai 
to try and correlate this dose to biochemical derangements 



i sk equation. 

the hazard uf 
ratnry anima 
chemical dose and 



responses of test animal 
death. Petal led 
complement these 
that could have 
I ink i nq these 
dose is a very 
Consider i ng all 



In many studies the- toxic medical 
to chemicals tra the development of cancer or 
autopsies and extensive biochemical testing 
studies to determine subcellular perturbations 
resulted in the toxic medical symptoms, 
biochemical '.ymptnms to the original chemical 
1 about intensive, complex anil expensive mandate, 
the chemicals in the environment, a more streamlined and cost 
effective approach to screening potentially toxic chemicals is 
needed . 

From Uk 1 i te, ature it is well under -. too.l that the hepatic 
Mixed Function Oxidase system is involved in drug tolerance and 
the activation of chemicals into c ar c i nogens . Ten years ago 
these t.ibnrator tes undertook to reverse the traditional approach 
tn ileteimine chemical hazard by studying the del angemonts nf this 
system and how they relate to the ultimate toxic system. 
Our objective >. r , to under Maral the hehavio.i. of the MFO system 
in lespnnse to in vivo and in vUro chemical exposure and with 
this information develop a screening procedure for exposure to 
toxi. chemical-,. rnl-s was done hy identifying normal and 
abnormal biochemistry and correlating perturbations with the 
overall health of the- animal. 

MODEL OF RESPONSE OF OFFENSIVE EN.?YMC SYSTEMS 

lhe Mixed function Oxidase system, also known as Cytochrome 
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p-4-50, is a group of ubiquitous hemoproteins found in 
microorganisms, plants and animals, whose main purpose Is to 
oxygenate 1 ipoph i I ic , non-nutr ient compounds i n order to 
el iminate them from the host (1). From a toxicology point of 
view , the hepa t i c m icrosoma 1 P-450 found in birds and mamma Is is 
most interesting . As wel 1 as metabol izing certain endogenous 
compounds, hepat ic P-450 detox i f ies drugs and other xenobiot ics . 
Most of the time th is system works very efficiently to maintain 
biochemical homeostasis. When confronted wi th an excess of 
chemical , i.e. administration of a therapeutic drug , this system 
can function too efficiently, creating a tolerance and decreasing 
the effectiveness of the drug . In other cases this process may 
f unc t ion in error and instead of detox if ying the chemical agent , 
the enzyme may convert the substrate into a mutagenic and /or 
car g inogenic farm. It is this characteristic that most interests 
tox i co log ists . 



Cytochr ome P 
embedded into two 
reticulum <ER) of 
450 reductase i 
e lee tron transfer 
metabol I zing proc 
cytochrome P- 450 i 
reductase enzyme, 
ship through the P 
s toichiometry of 
In this model, the 
I X mo iety that is 
pocket in the surf 
molecule is hound 



450 is a large globular octameric protein 

dimensional lipid film called the endoplasimc 

the cell. In hepatic ER, NADPH- Cytochrome P- 

also present. This enzyme system catalyzes 

from NARPH to the cytochrome during the oxygen 

ess <2). In the traditional model O), 

s described as being a rosette surrounding the 

In a second model , the reductase moves like a 

450 molecules , simulat ing a sea of rocks. The 

P-450 molecules is between 10:1 and 30:1 (3). 

active site of P-450 is an iron protoporphyrin 

oca ted in a large, relatively open hydrophob i r 

ace of the protein (3) and the xenobiutic 

directly from the aqueous cytosol of the eel I . 



The i nduc ibility of Cytochrome P 450 : 

In the absence of xenob iot ics. Cytochrome P-450 in ban icr 
and d isposal t issues is at low levels . The introduction oT 
•.substrates causes synthesis of new protein within minutes. This 
indue t ion of the MFO system invo Ives »lau I tunenui. ftynthn is of 
all other components and the proliferation of new endop 1 asmi r 
reticulum (4). Cytochrome P-4?j0 is in fact, the generalized name 
given to a group of isozymes embedded in this new protein. 
Traditionally, induction of P-ViO is defined as an increase in 
enzyme concentration or an increase in the activity nf a specific 
suhstrate. When the substrate concentration in the li ver is 
reduced , the enzyme is catabol i zed bac k to basa 1 levels . Th» 
stimulation of the Cytochrome P-450 system » esul tc> spec i f ical 1 y 
in measurable increases in enzyme act i vi ty , concent I at l on of 
enzyme, proliferation of endoplasmic reticulum and 1 i vei weight. 
This indue ibility of Cytochrome P-450 pi ays an impor tant role in 
drug tolerance, wh ich is tradi t i ona 1 1 y exemp 1 i f ietl by barh i tuates 
such as phenobarbi to 1 and hexabarbi tol . This was the 
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character ist ic that 
raetabo 1 i z ing system. 



attention 



the liver 



The general fora of Cytochrome P-<*50 may in fact be a 
mixture of several isoforms present together. Indeed, specific 
chemicals will induce immunochemical ly distinct isozymes of P~ 
'»50. There are now 8-11 distinct forms of induced Cytochrome P- 
'i50 isolated . 



The best documen ted i so ? yme is i nduced 
hydrocarbons (PAH's) found distinctly in the 
liver, and is commonly called Cytochrome PV«8 (S 
Has first implicated in cancer research by 
aviociatc*. in the 1950's < '♦ ) . They found tha 
treated wi th PAH's such as benzpyrene 
ni'thylr.ulanthrcne O-ffUl , the abi 1 i ty of the h 
to hydroxy 1 ate BP i ncreased up to 50 f 
proliferation of ER or increase in P- VJO concent 
were known cirnnoqem i.e. found in smog 
c igai ette Mffltv, th is tinusua I ly h igh ai. t i v i ty 
the carcinogenic mechanism. 



by polyaromatic 

left lobe of the 

) . Th is isozyme 

Conney and his 
t when rats were 

(BP) and 3- 
epatic micro somes 
old with little 
ration. As PAH's 

car exhaust and 
Ma r _. implicated in 



In 1963 rout'.. ili-icovr-red that Cytochrome P-450 was very 
-sensitive to chlorinated compounds when his animal room was 
fumigated with rhlofdane in the middle of a chronic feeding study 
(6). Although the original experiment was ruined, this discovery 
initiated a whole new field of Cytochrome P ■ 'iSO chemistry. This 
wnr k was ex tended to other chlor mated env ironmental compounds 
such as DOT, aid? in, dieldrin and Aruchlor. In the early I970's 
this work MAS extended to 2,3,7,B -tetr ach lorod l henzo p d i ox i n 
<TCDD), a by-product Of a,'<,5-Ti iLhlorophcnoKyact'tit acid (2,'»,fi- 
T ) pro dux tion th.it was becoming very c nntrover sial due to 
industrial arcidents and Agent Or ancje exposure in Vietnam. 

1HK EXPERIMENTAL APPROACH OF THESE LABORATORIES 

Iradi titmal ly, the mechanism of the Cytochrome P"Af>0 system 
has been studied using biochemical technigues. In early work, 
chemicals administered in vivo lo lh *" , *" ,L a"' m * 1 ^ were chosen 
for their known effects an the MT system. Chemicals used in in 
vitro biochemical assays were t hosen for their metabolite 
detection rhnrar terist ics. In the last decade, many 
sophisticated biochemical tec tmique-. such as immunochem i stry have 
advanced the field. Usinq this approach, some excellent work in 
the i.omparison of induction between species and in defining the 
induction of isozymes has resulted. 

After the Mr system was found to respond to chlorinated 
compounds, environmental scientists became interested in using 
the enzyme a*. an environmental probe. Al though same 
tnKiioUigic.il information using existing biochemical methods was 
possible, these methods were too qualitative lo determine the 



32 






biological hazard of a chemical without -'"' ci ;''^^^, 
the MFO system. These laboratories have studied the MFO system 
usTng a -ore to. icological approach by >»*£•««•••«"£ 
response of the MFO system to chemicals selected for spec.fic 
chemical properties. The experiments were designed to study the 
in vivo and in vitro toxicities of chemical probes on the 
o^haVlour of thTs defensive enzyme system found in the microsomal 
fraction of rat liver. 

The Total Hepatic Induction (THI) index: 

The first step in our approach was to quantltate the 
biochemical response of the MFO system to these chemical prab«. 
The Cytochrome P-150 system is a very «•«■«■ •£»*"■ «* * 
known to have an array of biological responses that it can use In 
order to adapt to a xenobiotic. The most evident basic -sponses 
of the P-<.50 system itself include an increase in b.otransform 
enzyme activity, increase in enzyme concentration « 
proliferation of endoplasmic reticulum and an enlargement of the 
liver (1). ft quantitative system to moni tor these r esponses 
would give an indication of the ability of th. «""0«jl«« to Cop. 
...... _';*;- r h„mi r ^l stress and therefore give and indication 



„rganism to cop 
with specific chemical stress and therefore give and indicat 
of the "hazard" presented by that chemical 
.i i..i -■ i Unn^Hr Inrinrtiun (THI > ir 



on 
Using these 



of the "hazard" presented by that cnem.cal. us.,,* ...= ~ 
responses, the Total Hepatic Induction (THI) index was developed 
lo monitor the total liver microsomal response lo inducer 7) 
This index was designed to quantitate, rather then .eplace 
detailed biochemical studies by providing a simplified picture OT 
a complicated response. 

Th!S index was based on the assumption that the Mixed 
Function Oxidase (MFO) system was the rate 1 siting step In WW 
metabolism and excretion of lipophilic xenohlot.es in the body 
and that the steps preceding and following hydroxy Kit I on do not 
inhibit the process. 



The total experimental index ran l,e exp. essWl Js follows: 



Fnzyme activity 



[Cytochrome P-«i301 

[Cytochrome P-*30] 
[Microsomal Protein] 
[Microsomal Proteinl 



L i ver Weight 



L i ver Weight 



An i ma 1 we i gh t 



Enzyme Activity 
Animal Weight 



Each component represents a change in state affected by the 
xonobiotic, hence, all are presented relative to controls. The 
dose response of each parameter is dependent upon the 
detoxification requirements and each parameter tends to 
compensate for any deficiency in response of another parameter. 
The- THI index can be used to either provide a basis of comparing 
the total hepatic response nf an individual to an xenobiotic or 
to compare- responses between species to environmental 
enntami nants. 

This THI index has been us«d in our laboratories since 1982 
on a routine basis. We have often found that a statistically 
significant difference from control of one parameter i.e. an 
increase in enzyme activity per P-*»50 concentration can be 
countered by an opposite change in a second parameter i.e. a 
decrease in the concentration of P '|50 per unit protein. The 
final THI parameter was not statistically different iron control 
animals. Statistically different THI indexes occurred when the 
response of an isozyme such as Cytochrome P - V.H was evoked. This 
compensation mechanism is not normally seen when using typical 
biochemical techniques and suggests that the MFO system has a 
chemical response system that is more subtle then the well known 
isozyme response. 



The MFO adaptation to C-H bond strength: 

The second step in our toxuological approach was to examine 
the possible mechanisms of control at the active site of the 
enzyme system (B) . 

In most biochemical processes the enzymes are highly 
specialized to the geometry of one or a small number of 
sullslrates. For these particular compounds, the barrier to 
reaction is reduced by very specific control of the entropy of 
the reaction transition state I i8"» . However, like all 
catalysts, enzymes may also assist the chemical change by 
providing sufficient energy to break old bonds or make new bonds, 
hence control lint) the enthalpy uf reaction (.H->. The sum of 
these two properties at any temperature is the free energy of 
activation of the reaction ( JS* ) where: 



In this regard, the 
general form o( Cytochrome 



II- 
MFO 



TaS* 



( iv) 



ystem is unusual in that the 

P-<i50 lias the ability to hydroxylate a 

wide range of geometrically unrelated xenobiotic substrates. The 
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number of identifiable Cytochrome P-«0 isozymes is very "-i*«* 
in comparison with the number of known inducers. This lack or 
substrate specificity suggests that the MFO system has solved a 
form of enthalpic control to determine the energy needed to 
insert activated oxygen into various substrates. 

To test this concept, a three dimensional experiment was 
designed using the THI index to assess the relative importance of 
molecular shapes and bond lengths on the activity of JfheJIFO 
active site 
meet speci 
simplicity, C-H bond strength and geometry. 

Traditional experiments were designed to be two-dimensional. 
Animals were dosed with a chemical that "induced" the Cytochrome 
P-<.50 system. After a fixed time period to allow the animal to 
respond to the inducer it was 



shapes and bond strengtn;, on •*•- =_-..--, -• 
-e <•?> This experiment utilized chemicals chosen to 
iific chemical criteria of 1 ipophi 1 ic i ty , structural 



killed and the prepared liver 



homogenate was assayed using substrates chosen for ease of 
analysis. Often there was no chemical similarity between the 



lys 
inducer and the substrate. 



for 



In our experiment, the inducers used in vivo and substrates 
testing in vitro were chosen to be the same chemicals with 



i mi 
s 
< 10) . 



C-H bond strengths that could be calculated from thermodymanic 

were tested with a sub-chronic 

NADPH reduction by each 

the presence of each 



tables (10). Sprague-Dawley rats 

1/5 LDao dose of each chemical. 

microsomal preparation was measured 

chemical as a substrate under conditions for pseudo-first or dr. 

kinetics. The high background of NADPH reduction was removed by 

normalization with control microsomal activity. 



In this way, the 



normalization wim *_«■.-. — • ^,„„^ = i ^nri 

response of the MFO system to a chemical . in yiyo '«"°™> «** 
its resulting ability to metabolize other substrates (in yitra 
response) can be independently compared to the bond strength of 



respo 

the cheminal . 



The null hypothesis <H„, total) is that the MFO sysle. «,U 
respond linearly to enthalpic requirement, that is the CHbond 
strength of the chosen chemicals both in vitro and tt jlB- » 
non-linear response would suggest an entr jp.c or »^. ^-1-tod 
response mechanism. This hypothesis will factor into two two 



respo 

dimensional experiments: 



II, 



. total = ( E H„, in vitro ) + I £ H„ , in 



(v) 



the 



defined as the adaptation of MFO to 

that substrates with a lower C 



(H„, in vitro ) is 
bond strength of the inducer such 
H bond strength would be metabolized with more efficiency in 
vitro than the inducer as a substrate and substrates will, a 
h^ineY C-H bond strength with less efficiency. We have termed 
this null hypothesis as the In Vitro self -substrate test as it 
examines M. ability to handle substrates from the perspective of 
the inducer. There will be a H„ or sell -substrate test For each 
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inducer In the total experiment. Subtracting the self-substrate 
act"v!ty from other substrates activities for an inducer reduces 
?he activity data to a series of positive, negative and zero 
numbers that! -hen examined in relationship with the substrate 
bond strength will characterize the Free Energy of <^vat,on 
Uffr.t. in vitro ) of the UFO system's m vitro substrate 
interaction. 

These data are given in f igure 1 . Data regression analysis 
i?lf- substrate tests suggest there is a ] 




overall linearity of the experiment. 



The second half of the total null hypothesis, (H-, iO *iyo ) , 
or the In Vivo self - substr ate test examines the experiment from 
the ner^ec^Tve of the substrate. On in vi.tro substrate with a 
bond strength will be metabolized more 
cer wi th a str onger C-H bond 



known weakest 



eff.ciently by UFO adapted to an inducer with a stronger u-n uu..u 
strength th.nVo adapted to the self-substrate and -tabol.zed 
lB5 , efficiently by MFO adapted to inducers with a weaker C H 
bond strength. . high aB,« predicts high activation adaption of 
MFD to a strong C-H bond. 

Data regression analysis in figures S indicates that there 
are distinct relationships between C-H bond strength and „b.-.,in 
vivo of the ten substrates In this experiment that c.n^ b. qrOup«l 
adding to the chemical propert.es of the weakest C-H bond. 



hexamethy lethane 



the first category ... e hexamecny revua.,^ "**^» 

-thylbutane (DMB), which have weakest C-H 

iBcnndjr y and tertiary character 



yclohexane (CY) and dimet 



bonds of aliphatic primary, second... y a,,,r .....-.,- — -- 
respectively. A* Um*m substrates have no functional groups 
they typify the baseline or - ■ ntended" behaviour of theMF 
'ystem Most endogenous chemicals that are controlled b 
cytochrome P -V.iO are known to be .lliphatir. 



MFQ 

y 



I„ the . iK „nd category are 1 , 1 , I tr 1,1,1... ceth.ine ( TCE > 
l.nd.rw (1 IN., .hlornform (CHL), which are chlor.nate,. al.phat.c 
compounds! cyclnhexene (CE) , which is an 
and |p<»- tr Uhlurobenzene 



unsaturated aliphatic 

( 1 P'i , and 135- 
, f ,™.fiiiinK- |^-triCli,uiuuriiti;.i= , ic w 



bum) »tronqt 



BL>nzi?ne has aromatic C-H 
in aliphatic compounds and lie at 



bonds which Are stronger than any 
the point nf intpr'-ection of 



the two ijn vivo trends. It exhibits a much lower i6 r .i ,in vivo 
than expected and does not fit into either linear relationship in 
vi tro . All substrate ac t ivi t ies, espec ial ly the self -substrate 
rate have decreased , apparently shifting the chemical to a 
chemical potential of MFO adapted to a weaker C-H bond strength. 
Benzene has been identified as a suicidal inducer (11) and a 
cancer initiator, and is metabo lized to an epox ide. This 
compound is no t the i n tended pheno 1 . It is water inso lub le and 
is nut eliminated from the lipid into phase II of excretion. The 
epoxide instead can then destroy surrounding protein by free 
radical decomposition, resulting in a low observed activity in 
vi tro . This apparent shi f t in bond strength posi t ion as a resul t 
of decreased ac tivity in the i n vi vo sel f-substrate assay has 
been termed the Suicide Shift . 



THE ASSESSMENT OF RISK 

Defining the health risk of a chemical requires 
understanding of both the exposure to the chemical and the 
hazardous consequences of this exposure. Measurement of exposure 
is a problem of analytical chemistry. I t requires development of 
convenient , reliable and sensi t i ve methodolog ies that can be 
implemented in an extensive monitoring program. Proper 
measurement of exposure will identify those populat ions at risk. 

The medical consequences or total hazard of the chemical 
requires at\ assessment and priorization of all undesirah 1 e 
biological changes. In the past, hazard has often been measured 
by the clinical presence of disease. Today , when exposure will 
result in the development of a disease such as cancer within 
several decades, the c 1 i nica I def inition of hazard is both 
imprec ise and observed only after irreversib le damage has 
occurred . 

The answer to this is to develop an understanding of the 
interact ion of the chemi cal with the ear ly defense mechanisms of 
the body , because it is the breakdown of these subcel lular 
systems that initiate the process of disease. As the first step 
in development of a science of chemical pathology, the 
development of a rap id screening method for chemicals woul d he 
possib le. Potent ial problem chemicals could be ident i Tied and 
recommended for more detal led study . One such defense mechanism 
is the Mixed Function Oxidase system which is known tu respond to 
and el iminate a wide array of chemicals. The measurable af fee ts 
of chemical exposure can be observed within hours of 
administration. This versatility is very unusual as most nnzyroe 
systems are structure specific. 



The THI 
response at 
subcel lular 



index provides a mechanism to compare the total 
all levels of organization from whole body tu 
effects of xenub iot ies with control systems . 



-« 
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However , the most important component of this response is the 
adaptation of chemical potent ial at the active si te and the 
behaviour of the xenob iotic at this active site. The observation 
of ei ther intended or unintended behaviour here has the most 
potent ial as a predictor of chemical disease. The intended 
function of the MFO system is to hydroxylate hydrophobic 
chemical s so they can be el iminated from the body. When this 
behaviour occurs, the xenob iot ic is removed , hence the risk of 
disease is el iminated . 

The present experiment suggests that , as i ts first 1 ine of 
defense, the MFO system responds to the enthalpic properties of 
the invading chemical in both the induct ive response and 
el i mi nation process. This independence from the structural shape 
of the foreign compound is consistant with the versat ility of MFO 
systems. 

As the intricacy of living systems have been d iscovered, i t 
is consi stant 1 y observed that the most co riser vat i ve and efficient 
rel lular processes have evol ved . The response of the MFO system 
to the weakest C-H bond strength in a foreign chemical that needs 
to be d isposed of can be recogni zed as. a fur ther examp le of this 
tendency. As cytochrome P-^DO is a general enzyme system, all 
chemical structures, endogenous as well as exogenous that are 
present have the potential to be metabolized. The stronger the 
ox i dat ion potent ial of the act i ve si te, the more the c hemic a 1 
struc tures are vulnerable to attack , since any bond that is 
weaker then the target C-H bond cart be metabolized in this 
enthalpic system. thus, while performing its "intended" 
behaviour, the MFO system must strike a balance between under 
response, where the chemical potential of the active site is too 
weak to be ef f ec t i ve on the target compound wh ich is also the 
self -substrate and over response, where essent i al subst i tuents 
may be metabolized. Malfunction of the MFO system in either 
direction can lead to unintended influence on the surrounding 
t issue, which if not enrrec ted could lead to thi* development of 
disease. A good example oF over response and of accidental 
oxidation of other sites in strong C-H bond 'systems is Benzene 
(figure 2) . 

Benzene has a C-H bond which i'j stronger than any aliphatic 
equivalent and, as an inducer, will generate a high oxidation 
potential. The generated oxidation potential behaves as 
predicted in the In Vitr o sel t -substrate test ( figure 1 ) . 
However , in the absence of an ortho/para or meta directing 
-,ubst t tuent in the ring, the aromatic C-C bond is more suseptible 
to attack than the tarqet C-H bond, and unintended epoxide 
instead of an intended phenol will result. This will set off a 
subsequent chain reaction of "ace i dental" reactions. The 
epoxides are more hydrophobic than the corresponding phenol and 
therefore remain in the lipid and because they are chemically 
unstable will breakdown to give free radicals. The free radicals 
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propagate, destroying the surrounding protein, including 
cytochrome P-*50. This reduces the observable substrate 
activity, especially for the self-substrate benzene itself. This 
results in a displacement on the In Vivo self-substrate test 
(figure 2> which is termed a suicide shift- The unpaired 
electrons generated by the free radicals are very soluble in 
lipid and very long lived, consequently they will attack lipid at 
double bonds. It is known that tissue high in unsaturated fats 
will develop cancer in the presence of radicals (12) and 
medically that benzene is a cancer initiator. This suggests a 
direct connection between the suicide shift generated by benzene 
and the strength of the cancer initiation capability. It is 
possible that the displacement of cyclohexene from the linear 
relationship with C-H bond strength in the In yjjLTj, self- 
substrate test (figure 1> is also indicative of a suicide shift 
and therefore of a cancer initiator. 



In the In 
also a group of 



Vivo 
chemicals 



self-substrate test (figure 2), there was 
containing functional groups that 



generated an oxidation potential greater than would be expected 
from the structural type of the calculated weakest C-H bond. 



Trum tilt: an i«- mm •* ■»!•■ »• ,_.«.. *. *.,» 

discussed earlier, this higher than necessary oxidation potential 
will increase the risk of generated free radicals and of the 
accidental oxidation of surrounding tissue or other xenobiotics. 
Although the self-substrate xenobiotics of this group will not 
destroy themselves as with benzene, these compounds can act .is 
promotors of cancer by attack on less stable compounds such an 
unsaturated fats, generating free radicals through accidental 
behaviour . 

In conclusion, the relationship between the MFO system and 
chemical C-H bond strength of the target xenobiotic provides a 
unique opportunity to study acute, subcellular effects of a 
chemical in a living system. As the analytical properties of 
this test is dependent upon relative response r e la t i onsh ips , the 
reliability range of this assay will increase with further 
researrh. The relationship with C-H bond strength will also 
provide a theoretical tool for predicting biological response 
towards a new chemical. A chemical identified hy this test as an 
initiator or promotor can be referred for further testing of its 
chemical pathology. A forth dimension of dose response can also 
be added to this assay. By varying the dose fed to the te-.l 
animal, the criLical concentration where the chemical emerges 
from the baseline response to behave as a promotor or initiator 
can be identified. This test system can also he used to idenli y 
non-toxic xenobiotics processed as intended that can be used tc, 
monitor for exposure or can be recommended for industrial or 
commerc ial uses. 
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